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The

bifunctional chelating agent was prelabeled with either radiometal and
then conjugated to the antibody. Studies in human patients showed excel
lent â€œInsingle-photon emission computed tomography images of breast
cancer

lesions

24 h after

injection.

Introduction

@

The human/mouse chimeric antibody L6 recognizes a cell surface
antigen highly expressed on lung, breast, colon, and ovarian carcino
mas (1 ). Radioiodinated L6 is being used in a Phase I clinical trial for
therapy of metastatic breast cancer (2). We are working to extend the
use of this antibody to include other radionuclides for imaging and
therapy.
Metallic radioisotopes such as â€˜
â€˜
â€˜In,90Y, 67Cu,
mTc and 68Ga
are primary candidates for labeling mAbs due to their favorable
physical properties (3, 4). Macrocyclic bifunctional chelating agents
have been developed to tag mAbs with radiometals for in vivo diag
nosis and therapy (5â€”1
1 ); in particular, antibodies labeled with
DOTA3 derivatives incorporating @Â°Y
and â€˜
â€˜
â€˜In
have shown excellent
kinetic stability under physiological conditions (6, 9, 11, 12). How
ever, the slow formation of yttrium-DOTA complexes presents a
technical problem that can lead to low radiolabeling yields unless
conditions are carefully controlled. Prelabeling, in which the bifunc
tional chelating agent is first radiolabeled and then conjugated to the
mAb, provides an alternative (13). The prelabeling approach permits
use of a large excess of bifunctional chelating agent to achieve a high
chelation yield quickly and uses a rapid purification method to remove
unlabeled reagent before conjugation to the antibody. Here we report
the first human studies using chimeric antibody L6 prelabeled with a
peptide-linked DOTA derivative containing â€˜
â€˜
â€˜In(or @Â°Y).
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The eluted â€˜
â€˜
â€˜Inor @Â°Y-DOTA-peptide
isothiocyanate solution was mixed
with approximately

20 mg of chimeric

mAb L6 (ChL6;

340

@l,59 mgmml;

Oncogen/Bristol-Myers; Ref. 14) in 0.1 M tetramethylammonium phosphate
(pH 9.0). The pH was adjusted to 9.5 using aqueous 2.0 Mtriethylamine. The
mixture was incubated at 37Â°C
for 1 h, and the radioimmunoconjugate â€˜
, â€˜Inor
@Â°Y-DOTA-peptide-thiourea-ChL6
filtration column.

was isolated

using

a Sephadex

G-25 gel

The radiochemical purity of both â€˜Â°Yand â€˜
â€˜
â€˜In-labeled
immunoconjugates
was determined
phoresis,
using

to be >95%

and silica

â€˜
25I-labeled

by gel filtration

gel TLC
ChL6

HPLC,

(15 ). A solid-phase

as a standard.

@Â°Y-DOTA-peptide-thiourea-ChL6
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The

cellulose
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acetate

immunoreactivity
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electro

was performed
of â€˜
â€˜
â€˜In-or

from

â€˜251-labeled

antibody.

Results and Discussion
DOTA-peptide isothiocyanate forms electrically neutral complexes
with trivalent metals such as indium or yttrium. All the other impor
tant species in the chelation reaction mixture, such as excess chelating
agents, complexes containing divalent metals, and DTPA complexes,
are negatively charged. Thus, the DOTA-peptide isothiocyanate com
plexes with trivalent metals can be filtered quickly through an appro
priately designed anion-exchange column in H20 to separate them
from anionic species.
In the chelation step, the yield after anion-exchange purification
was 43â€”61%of the starting radioactivity when the radiometal was
1 1 1j@ but

was

lower

and

more

variable

(9 â€”41 %)

when

the

radiometal

was @Â°Y.
Particularly for @Â°Y
solutions, the levels of impurities appear
to vary with each batch of carrier-free radiometal and include both
other metals and species that react with the isothiocyanate group. The
identity of these impurities is difficult to determine, but most common
metal contaminants are divalent ions. Prelabeling deals with the
Materials and Methods
impurity problem by using a large excess of chelating agent and then
The labeling procedure is outlined in Fig. 1. The bifunctional chelating removing the excess. This is preferable to using a large excess of
agent DOTA-peptide isothiocyanate (Fig. I) was prepared by the method chelate-tagged mAb conjugate, which cannot be fractionated later to
described recently ( 11). Carrier-free @Â°YCl3
(Westinghouse; 75â€”250
mCi) or remove unwanted contaminants. Prelabeling does not eliminate triva
â€˜
I â€˜InCl3 (Amersham
Medi-Physics;
50â€”70 mCi)
in 0.05 M HCI was dried on
lent metal complexes from the product, and conjugation yields are
a hot plate at 60â€”80Â°C
under a gentle stream of filtered nitrogen gas (Milli
decreased by impurities in the radionuclide solution that react with the
pore) and 100 @lof 20 mM DOTA-peptide
isothiocyanate
in 0.2 M tetrameth
ylammonium acetate (pH 5.0) was added. The mixture was incubated at 37Â°C isothiocyanate group (e.g., amines).
In the conjugation step, a high concentration of mAb is desired, so
for 30 mm, followed by addition of 25 pA of 50 mM DTPA in 0.1 M
tetramethylammonium acetate (pH 6.0) for 15 mm at room temperature to that each chelate isothiocyanate will frequently encounter amino
complex any remaining free yttrium (or indium).
groups with which to react. At the chosen conjugation conditions (1 h
An anion-exchange column had been prepared by filling a l-ml disposable incubation at 37Â°C,pH 9.5; mAb
50 mg/mI), the conjugation yield
tuberculin syringe with 500 p.1 of DEAE cellulose resin (1 meq/dry g; Sigma
is almost quantitative when based on the actual amount of intact
DOTA-peptide isothiocyanate added, as determined by HPLC. The
I Presented
at the
â€œFifth Conference
on
Radioimmunodetection
and
Radioimmuno
final yields and specific activities of the isolated radioimmunoconju
therapy of Cancer,â€•October 6â€”8, 1994, Princeton, NJ. This work was supported by
gates
used in these experiments were 10â€”45%and 0.7â€”2.3mCi/mg
Research Grants CA16861 and CA47829 from the National Cancer Institute, NIH.
for â€˜
â€˜
â€˜In-DOTA-peptide-thiourea-ChL6 and 2â€”34% and 0.2â€”2.4
2 To
whom
requests
for
reprints
should
be
addressed,
at Chemistry
Department,
University of Califomia, Davis, CA 95616-0935. Phone: (916) 752-0936; Fax: (916)
mCi/mg for @Â°Y-DOTA-peptide-thiourea-ChL6.
752-8938; E-mail: CFMeares@ucdavis.edu.
In the conventional labeling method, the ratio of attached chelates
3 The abbreviations
used are: DOTA,
l,4,7,1O-tetraazacyclododecane-N,N',Nâ€•,Nâ€•tetraacetic
acid; DiVA. diethylenetriaminepentaacetic
acid.
to mAb is usually >1 in order to provide enough chelating groups for
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Fig. 2. Single-photon emission computed tomography image of the mid-chest area of
a patient with metastatic breast cancer, 72 h after injection of 4 mCi of â€˜
â€˜
â€˜In-DOTA
peptide-thiourea-ChL6. Uptake in metastatic lesions are seen in the anterior and posterior
mediastinal lymph nodes, right anterior and bilateral posterior ribs, and a large right
anterior tumor mass in lung, which has a central area void of uptake.
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deposits of disease found on CT imaging in these regions. Blood
clearances of the â€˜
â€˜
â€˜In-and @Â°Y-DOTA-peptide-thiourea-ChL6 were
comparable and within the range of â€˜
â€˜
â€˜Iblood clearances demon
strated previously in patients (2, 19). Tumor dosimetry for @Â°Y
as
DOTA-peptide-thiourea-ChL6
was extrapolated from the uptake of

NH2

I

â€˜
1 â€˜In. Radiation

@

doses

calculated

for

@Â°Y to

the

metastatic

tumors

were 4 to 8 times those calculated from â€˜@â€˜I
ChL6 (rads/mCi).

NH2O
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Fig. 1. Outline

@â€”cOOH
of the chemistry

1I â€˜In-or mY@DOTA@peptide

involved

in conjugating

antibody

ChL6 with

isothiocyanate.
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